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ABSTRACT 



It is recognized that a means of converting 
electromagnetic fields into visible images would greatly 
simplify the problem of designing structures to optimize 
their compatibility with such fields. 

Two needs must be met to allow such visualization. 
First, the fields must be transduced into a phenomenon which 
is capable of being imaged. Second, there must exist a 
sensor which senses that phenomenon and generates an image 
visible to the human eye. 

The bulk of this work was to investigate the parameters 
and limitations of one possible imaging procedure, called 
Dye Transfer Modulation (DTM) . 

On the basis of that work and the development of a new 
sensor, the AGA Thermovision device was recognized as an 
exciting alternative to DIM. A brief investigation of its 
potential was conducted and is presented herein. 
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I. 



SIGNIFICANCE and application 



A. THE PROBLEM 

The design and analysis of devices which interact with 
electromagnetic fields is of principal interest in many 
technical areas. One such area directly applicable to the 
Navy is that of shipboard antenna design and placement. A 
second is the problem of countering the coupling between a 
structure and a strong, broad-band signal such as an 
electromagnetic pulse. 

In both cases theoretical approaches, including 
computer analyses, become severely complicated by the 
existence of structural discontinuities (junctions) and 
assymmetric configurations of the structures under study. 
Even simple models of such structures show significant 
inconsistencies with experimental measurements. 1 

It would be highly convenient if there existed some 
simple and direct means of measuring the currents and 
charges on such structures. One candidate for such a 
process was suggested by Keigo Iizuka. 2 A more recent 
investigation of process was made by James Dodd 3 to 
determine its application to the problem of structures with 
junctions. 

B. THESIS 

This thesis is to determine the parameters of that 
process, to characterize those parameters and their 

1 R . W. Burton, The Crossed- Dipole Stru cture of Ai rcr aft 
iD 5.2 El ec tro magn etic Pulse Env iro nment 

2 Keigo Iizuka, A Method for Photogra ph ing Mic row ave 
with a Polaroid Film, Technical Report no. 55o, Hi vision of 
Engineering and Applied Physics, Harvard University, 
Cambridge, Massachusetts, March 1968, p. 3. 

3 Dodd , James L . , A D ir ect Method of Visualizing the 
Surface Distribution on Antennas at ET cr o wa ve Frequen cies 
with IPpIicaf ion" to Crossfire Structures , Easters Tnesis, 
E. S. Naval Postgraduate Scdool, Honterey7 Calif., 1974. 
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interactions, and to determine a set of parameters which 
would optimize the application of the process to the problem 
of imaging the scattered fields of structures with junctions 
and thereby to the determination of the currents and charges 
present. 

C. THESIS OBJECTIVE 

The objective of this work is to optimize a method for 
imaging electromagnetic fields. This method is called the 
Dye T ran s fe r Modulation Process. Optimization is considered 
to have occurred when the images obtained with the process 
show the best possible definition of the fields. Ideally 
one should be able to easily distinguish regions of low 
energy density from those of high energy density and 
determine the boundaries between them. Further the range of 
energy levels distinguishable by the process should match 
the range of energy present in the fields being measured. 
In short, it is considered necessary to find the settings of 
process parameters which would maximize the dyna mic ra nge of 
the process and match it to that of the fields being 
measured . 



I 
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II. fundamsntal_bases 



There are three fundamental bases to understanding 
dye-transfer modulation and to explaining why it may be 
successful in imaging a field when conventional photography 
is not. These bases are (1) understanding the basic 
photographic process (2) understanding the spectral 
distribution of energy and the application thereof to the 
basic photographic process and (3) understanding the method 
of color photography used here. 

A. THE PHOTOGRAPHIC PROCESS 4 

A conventional photographic film comprises a structural 
substrate on which is placed a colloidal suspension of 
crystals of one or more of the silver halides: silver 
bromide, chloride or iodide. Each crystal comprises silver 
and halide ions in a predominantly regular crystalline 
structure. Within the structure, however, there are a few 
positive ( Ag *) silver ions which occupy interstitial 
positions. When a a packet of electromagnetic radiation (a 
photon) of s ufficient en ergy impinges on a crystal, one or 
more electrons are broken loose from the halide ions. This 
results in a modification of the state of the crystal. The 
few free electrons diffuse through the crystal until they 
come in contact with some of the interstitial silver ions. 
The positive silver ions capture the electrons and become 
metallic silver atoms. A crystal with one or more metallic 
silver atoms is termed a "sensitized" crystal. On a 
macroscopic scale, the distribution of these sensitized 
crystals provides an image of the incoming light pattern. 
Since the crystals have not changed entirely to metallic 
silver the image is not normally visible, and is termed a 
"latent" image. When exposed to a developer, however. 



♦Engel, Charles E. , Ph ot ography for the S cientis t . 
Academic Press, 1968 , p.2.fI7 
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